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1.

SEABROOK CONTROL ROOM DESIGN REVIEW

INTRODUCT ION

In resporse to the NRC task action requirements established in
NUREG-0737 and its Supplement 1, Public Service Company of New Hampshire
(PSNH) has conducted a Control Room human fa-tors design review. This
review has identified potential Human Engineering Discrepancies (HED) in
the design of the Seabrook Station Control Room. These potential HEDs
which were identified have been reviewed to see if they affect the safe
operation of the plant. Those tha: did were, in turn, evaluated to see
if there was a need to make modifications in procedures, in training, or

to the Control Board.

NUREG-0700, Guidelines for Control Room Design Reviews, Draft
NUREG-0801, Evaluation Criteria for Detailed Control Room Design Review,
and the GE BWR Owners Group Criteria were used as a base for the

development of our own criteria for the review. After our criteria were

developed, they were used for the review process.

The review process was divided into several parts - operator interviews;
a Control Room survey which include hardware, control boards and panels,

and alarm system; and procedure walk-through and talk-through sessions.

The Control Room survey operator interview and the procedure
talk-through and walk-through portions of the review have been
completed. The potential human engineering discrepancies have been
listed, and appropriate fixes developed for them where it has heen
Judged necessary. Many of these changes are underway at this time

because of schedule commitments.

Some items will not be evaluated at at this time. These are items which
require the Ccatrol Room to be complete and the plant operational.
Included are such {tems as noise studies, communications evaluation,
HVAC evaluation and Contrcl Room operaticnal procedures for shift
change. These items will Le reviewed during the plant's initial

operating cycle, and any necessary changes will be implemented.



11.

BACKGROUND

A.

Industry Human Factors Activity

Since ™I, increased emphasis has been placed on human factors
engineering within the industry. New industry groups have been
formed and workshops have been conducted. Many projects aimed at
increasing the understanding of operator performance and decision
making have been initiated by EPRI and by INPO. The Westinghouse
Owners' Group has developed Task Analyses and Emergency Operating
Procedures for their planis. The BWR Owners' Group has taken the
initiative in performing Control Room design reviews on iR
plants. Yankee Atomic Electric Company (YAEC) and PSNH have taken
an active role in all of these activities - most notably the BWR
Owners' Group Control Room design review, the INPO activities and
the Westinghouse effort.

The reason for this increased emphasis is the perceived need to
increase the effectiveness and performance of the operator. Some
of the specific areas now being addressed include the layout of
control panels and work stations, adequacy of the information
presented, Control Room staffing, training of the operators, and
emergency procedures used by the operators. The objective of this
activity is to decrease the probability of operator error and to

improve the detection and correction of operator errors.

Prior Control Room Design Review Activity

The Main Contrnl Board (MCB) for Seabrook has undergone extensive
design reviews during the course of its development. The basic
layout of the MCB was developed by YAEC and PSNH, assisted by
United Engineers and Constructors (UE&C).

Two major reviews of the MCB for operability and maintainability
wvere performed. The first major roview was performed in the time
period from June - August, 1975. A full size mockup of the MCB was
reviewed by personnel from YAEC, Central Maine Power, PSNH and



UE&C. These persons had extensive engineering and operating
experience, much of {t obtained in other operating nuclear plants,.
This expertise ensured the performance of a thorcigh operational
analysis and review. This review process resulted in significant
changes and {mprovements to the MCB., Details of this review are on

file at YNSD offices.

The second major review of the MCB was performed in October of
1980, and included changes recommended by the Seabrook Operations
Department., These changes were developed as a result of the
acceptance testing of the Seabrook Station Simulator.
Participating in this review were YAEC, PSNH and UE&C. Details of

the results of this review are sis0 on file at YNSD offices.

Although not formally called "Human Factors” reviews, these reviews
did in fact address many human factors concerns., In addition,
YAEC/PSNH involvement has been maintained throughout the

development of Control Board philosophies.

DISCUSSION

The present detailed Control Room design review for Seabrook Station has
been accomplished in accordance with the guidelines provided in the
referenced NRC documents. Specifically, the design review responds to
the requirements contained in Section 5 of Supplement 1 to NUREG-0737,

Generic Letter B82-33,

The objective of the Seabrook Station Control Room design review is to

fmprove the ability of nuclear power plant Control Room operators to
prevent accidents or cope with accidents if they occur by improving the
information provided to them. This design review identifies any
modifications of Control Room configurations that the review team feels
will contribute to a significant reduction of risk and enchancement in
the safety of operation. Decisions to modify the Control Room have
included and will continue to include consideration of long-term risk
reduction and any potential temporary decline in safety after

modifications resulting from the need to relearn maintenance and




operating procedures. This will be carefully reviewed by persons

competent in human factors engineering.

A.

Review Teams

Qualified multi-disciplinary review tcams using a review program
incorporating accepted human engineering yrinciples have been

established.

Hnna!gnent Review Team

A management team composed of representatives from YAEC and PSNH
was established to review the overall progress of the Control Room
review. The teax members have expertise in the areas of

operations, administration, and project management.

Survey Team Composition

The survey team for the Seabrook 3tation Control Room review
consisted of a core group of persons experienced in program
management, plant operations, instrument and controls engineering,
and human factors engineering. This core grour was aided as

required by persons experienced in other disciplines.

Seabrook Station, through Yankee Atcmic Electric Company,
contracted with the firm of Thomas B. Sheridan Associates to
provide human factors engineering expertise. The qualifications of

the survey team are contained in an appendix to this report,

Function and Task Analysis

Function and task analysis has been done by the Westinghouse
Owners' Croup to be used both in the performance of a Control Room
human factors review and in the development of Emergency Operating
Procedures (EOP). These were available to our Human Factors
consultant for his use during the review of Seabrook Station. It

was determ’ned by our consultants that task analyses, procedure



talk-throughs and follow-up walk-throughs must be considered as a
single inseparable effort. They consider that a proper model of
operator action can best be obtained by observations based on
actual talk-throughs and walk-throughs of procedures. The
talk-throughs involved senior Seabrook operating personnel and the
HFE consultants. The purpose of the talk-thioughs and subsequent
walk-throughs was to: (a) simulate actions by operators in
operating, managing and maintaining safe operation of the plant;
(b) identify errors stimulated by design inadequacies; (c) exercise
most elements of the Main Control Boards that are frequently used,
or for which human error probably is considered significant due to

high usage or potential impact on plant operation.

The actual talk-through was an unconstrained step-bv-step, very
detailed reconstruction of anticipated operator actions in
implementing each procedural step. Note taking of data was used to

document this process.

Selected procedures were executed in real-time walk-throughs at the
culmination of the task analysis - talk-through phase. The main
purpose was validation of observations made during the preceding
phases and to bring out time critical effects that may not have

been noticeable during the non-real-time analysis.

The real-time walk~through observations were non-intrusive (no
operator commentary). Unusual effects noticed during the
walk-throughs were analyzed during the “"post-hoc” evaluation
sessions. The HFE consultant and review team personnel
participated in the "post-hoc” evaluation sessions to assure

completeness and objectivity of the evaluation.

The above process served also to identify any missing displays and
controls. Additiocnally, an inventory of the Control Room

instrumentation was used extensively during this review.



Operator Interviews

Since Seabrook is not yet an operating plant, operator interviews
were, of necessity, conducted differently than if it were
operating. The Operation's staff does consist of many senior
people with operations experience on other plants and with limited
experience on the simulator. To make use of this experience, some

of these operators were interviewed during the review process.

These interviews were structured based on formats developed by
various human factors groups, modified as needed to take into
account the fact that Seabrook is not an operating plant,
Questions on training and the use of the simulator were
emphasized. The final format was developed jointly by the Control
Room reviev team and the human factors consultant. A copy of this

interview form is included as an appendix to this report,

The interviews were conducted by the human factors consultant to
assure a reasonable level of independence. The results were used
to discover potential HEDs and to assess those potential HEDs

previously discovered.

Survey of the Control] Room Hardware

The survey of the Control Room hardware was conducted on the
Seabrook simulator. This simulator is an exact duplicate of the
Seabrook Unit 1 MCB and is used extensively in the trainin; of the
operators. The layout of the Simulator Room and the environmental
aspects (lighting, sound, etc.) duplicate those of the Main Control

Room as much as possible.

The survey was performed by a team of engineers, overators, and

human factors specialists. The team was trained in both the

simulator and classroom in what to look for while examining the

Board panel by panel. An agenda for the training session is

included as an appendix.




Team members were divided into pairs, usually an operator paired
with an engineer or human factors specialist; and different pairs
wvere assigned to different panels. These pairs employed common
checklist/rating forms developed by the human factors consultant
and YAEC, and made notations of human engineering deficiencies on

those forms.

Photographs of each panel were taken for documentation purposes.
These were used to document what was reviewed and in the assessment
procees as required to assese potential human engineering

discrepancies.

Assessment

The potential human engineering discrepancies have been assessed,
and a determination made as to which are significant and should be
corrected. The assessment process included an evaluation with
respect to the importance of the HED in contributing to operator
error; and with respect to the appropriate schedule for modifying
the Control Room to rectify the HED.

The review team took the raw data from the Control Room Review and
organized it in a logical manner. A thorough assessment was then
carried out by the core group mentioned previously. The remainder
of the team that participated in the actual review was available on
an as-needed basis for assistance in assessing discrepancies in

their areas of expertise.

For all discrepancies, an assessment of the consequences was made
by the core group. This assessment took into account whether or
not the potential operator error was detectable and/or correctable,
the system consequences as a result of the error, and the potential
for serious system consequences. This assessment was the first

step in the classification of HEDs.



These discrepancies were then evaluated for possible correction by
the review team. Discrepancies were prioritized according to their
potential for operator error by the review team. Emphasis was
placed on any significant discrepanciess for possible correction.
Alternatives such as enhancement, design change, procedure chaage
or no change were considered for each discrepancy. This final
report details all discrepancies, the disposition of each

discrepancy, and the logic for the disposition.

The cumulative impact of minor HEDs was assessed for each board
section by taking all the HEDs for that particular section and
looking at their interaction with each other.

For ease in discussion of the potential Human Engineering
Discrepancies (HEDs), they have been divided with two sections,
Generic and Specific. In the Ceneric section, the problem is
stated, then those examples that appeared on the board are listed.
In the Specific section we include those which are not related to
any generic problem. A preferrzd resolution has been developed for
each potential HED,

A priority has been assigned to each HED, This priority is a
rating of the {mportance of the potential HED in contributing to
operator error and the appropriate schedule for implementing any
necessary modification. The Importance and Schedule categories

follow here:

Importance

1. Significant potential for uncorrected operator error and risk

of serious consequences.

2. Some potential for uncorrected operator error and risk of

moderate consequences. No risk of serious consequences.



r.

3. Little or no potential for uncorrected operator error and risk
of consequences. Rectification of HED should enhance operator
training and satisfaction.

Schedule

A, Before startup, initiate as soon as possible.

B. Before startup, but some further study and engineering will be

required.
C. First outage.
D. Indefinite at this time.
E. Will not be done.
Verification
Each selected improvement has been verified to incure hat it will
provide the necessary correction and can be introduced into the
Control Room without creating an unac-eptable human engineering

discrepancy in itself. Such improvements have been coordinated
with changes resulting from other programs.



Iv.

OVERALL BOARD ASSESSMENT

The results of the above efforts are included in Sections V and VI of
this report., In it are included the potential HEDs discovered, the
selected design improvement for correction if necessary, and a

justification for these not corrected.

We found that the general layout and organization of the Seabrook
Control Room s excellent; the front panels being benchbec=rds with all
displays and countrols of engineered safeguard systems located to the far
left, the reactor and primary system located to the left center, the
turbine generator and secondary system located to the right center, and
the electrical system locatea to the far right. Associated with each of
the four main sections is a video alarm system display and contiguous
keyboard, as well as some redundant hard-wired alarm and status lights.
In the center are four video displays that may be used for monitoring
elarms, as well as for call up of other variables, plant diagrams, trend
plots, logic trees, and the management of these. Two large video

displays to the left and rfght may be used flexibly.

Back panels generally contain only those controls and displays not
needed frequently or in a hurry in emergencies or used in conjunction

with front panel displays and controls.

A novel color coding scheme for indicators uses a pink scale background
for temperature, light blue for flow, light green for level, aad light
yellow for pressure. The red/white safety train color coding of

components is effective, and is well-presented.

We feel that the board will adapt well to generic labeling and
demarcation. Considerable flexibility is anticipated with the use of
the Video Alarm System. Altogether, we find that the board is well

layed out and designed.

Several items have not been included in this document because they are

not yet ready for review. They are:



0 Video alarm system, SPDS and associated computer aids to operator.

o Hard-wired annunciators.

© Auditory signals, communications within and outside the Control

Room, acoustic noise.

o Radiation Monitoring System.

o Lighting, except to a limited degree.

0 Heating, ventilation and air conditioning.

o Control Room access and architecture relative to supervision,
storage of emergency equipment, escape, limiting access of

unauthorized persons, rest room and eating facilities.

o Storage of operating procedures and keys, tagging, shift turnover

and other administrative procedures.

0 Remote shurdown panel.

These will be rev'ewed and included in later supplements to this report,




v.

GENERIC HUMAN ENGINEERING DISCREPANCIES

A.

Anthropometrics

Some lights, controls and indicators are outside the standard

anthropometric bounds.

1.

Annunciators

See Item I.D.1.

Top row of indicators on all panels.

Resolution:

On the front panels those indicators are presently ammeters.
The quantitative values are not important with the exception
of Tave and Tref. These are large enough to be seen
clearly. Priority 3E.

Status lights - lettering is small and the lights are high.

Resolution:

This is a deviation from human factors criteria. An effort
has been made to limit the number of words to those necessary
and effective. The tiles have been grouped to establish a
pattern which will serve the operator as a recognition tool.
An identification has been added to the tile layout. If a
particular light is out, the operator will approach the board
to read it. If he cannot read it directly, he will use the
identification matrix to locate it on a hand-held hard copy
located at the board. A method will be devised to keep these
hard copies available at the board. Priority 3B.



Some CRT displays are high on the board.

Resolution:

The data on these CRTs are for the convenience of the
operator and consist of auxiliary information that he wishes
to have available as an operational aid. All important
information appears on other, more centrally located CRTs.
The Video Alarm System indications on the CRTs are large
enough to be read easily. Priority 3E.

Some controls on bottom of slcping section are beyond the

reach criteria.

Resolution:

When questioned, operators had no problem with this poteantial
HED. Therefore, no change needs to be made. Priority 3E.

Status Lgshts

In general, all status light panels are confusing in arrangement

and wording.

Resolution:

Arrangements and wording are being checked and changes made as

necessary. Demarcation is beins added. Priority 1B.

Demarcation and Labeling

1.

Au identification of functional groups should be developed
for all panels as necessary, using demarcation lines and
hierarchical labeling.

-13-



This will be done. Priority 1B.

D. Annunciators

1.

The 3/16" type on the simulator is too small to read.
Resolution:

Make the type as large as possible but no less than 1/4",
consistent with not crowding the edges or compromising the
abbreviations used. Priority 2B.

The abbreviations are inconsistent.

Resolution:

Develop and use consistent abbreviations. Priority 3B.

There is no easily visible tile location matrix.

Resolution:

Develop an easily visible tile location matrix. Priority 3B.

Alarm setpoints are not shown on the tiles.

Resolution:

This information will be made available to the operator in

readily accessible documents. Priority 3A.

The first out priority does not address Safety Injection.
There i8 no indication of the cause of an SI actuation. A

first out indication should be developed.



Resolution:

First out indication for SI actuation will be developed.
Priority 1B.

There 1s no unique audible signal for first out indication.

Besolution:

A unique audible signal will be developed for first out.
Priority 1B.

E. Abbreviations

X, Abbreviations must be made more consistent between board
labels, status lights, annunciators and procedures to the
extent possible in the Control Room.

Resolution:
The operating staff will develop a list of consistent
abbreviations to be used throughout the Control Room where
possible. Priority 3B,
F. Labels
1. Tabs on label plates for vertical indicators are fragile.

They can easily break when tab is removed to zero the
indicator.

Resolution:

Instruct the operator/technician on the proper method of

removal. Priority 3A.



G.

p Labeling is unclear on critical MOVs which have redundant
sets of indicating lights.
Examples:
SI injection valves V=77, 102
Resolution:
Labels have been clarified, and operators have been informed
as to what the two sets of lights mean. Priority 2A.

3. Labels are unclear and/or confusing and do not provide the
information required.
Examples:
Panel A/B, Controllers RH-FCV 606, 607, 618, and 619. Panel
A/B, Containment Spray Isolation Valves. Flow arrows on RCP
supply should be labeled RCP-1A, RCP-1C. Annunciator panel,
RELIEF/SAFETY VALVE OPEN.
Resoluticn:
The labels will be reviewed to provide the information
required. Priority 2A.

Indicators

1. It is difficult to read the labels on those indicators low on

the vertical section of the control board.
Tesolution:
(a) On the MCB, a plastic filler has been placed under the

nameplates, changing their orientation to vertical, and

making them visible.

-16~



(b) Make the same change on the simulator. Priority 3A.

2. There is poor contrast between the red pointers and the pink

background for dual temperature indicators.
Resolution:

(a) On the MCB, use a lighter shade of pink fur the
background. Priority 3B.

(b) On the simulator, leave as is as it is not a major

problem. Priority 3E.

¥ Technical Specification alarm levels and operating bands are

not shown.
Resolution:
Operating plant mansgewent will determine what, if any,
markings are necessary. T.ese will be shown on the
indicators. Priority 2R.
Examples:
LI-4079 (CST level)
LT-2607
H.  Minic
1, Line widths are not right. Some are too large. The line

width is not diversified enough. Thinner lines should be

used for minor flows.

-17-



Resolution:
Although the simulator and the MCB are different (1/4" and
3/8") the main flow mimic on both is ok as is. Auxiliary
flow mimic should be approximately 1/2 the size of the main
flow mimic. This will be changea. Priority 2B.

2, Color contrast is not good in some areas. Examples are use
of black arrows on brown mimic, and use of the same color for
different flow paths in a mimic.

Resolution:

We will investigate the problem and develop better contrasts

by using both color and width variations. Priority 2B.

. Paint is chipping off the brass mimic on many of the panels.
There is some concern over the durability of the painted
brass.

Resolution:

Either another material will be used or the brass will be
periodically repainted as needed. Priority 2B.

4, Arrows are missing on various mimic sections.

Resolution:

Add arrows to mimic. Priority 2B.

5 Controllers

1. Auto/manual labels are difficult to see from a standing
position. They are small, and tend to fall off easily.

)P



2.

Resolution:

This 1s a problem with the brand of controller. The
operators will be trained to be aware of the problem. The

labels will be taped or glued in place. Priority 3B.

Some Hagan valve controllers turn left to open, some turn

right.

Examples: RHR Hx outlet valves

SI accumulator N2 vent
Resolution:

This will be corrected so that the open direction is
consistently to the right. Priority 1lA.

Resolution:

Or manual controllers, push buttons for "increase” and
"decrease” are difficult to distfnguish from “"manual” and
"auto”.

Resolution:

We will investigate changing lens colors or using better
labeling. Priority 3B.

Hagan controllers do not have valve position lights
associated with them. Also, the X open indication is a

demand signal, not position feedback.

Example: HVC 606 (RHR temperature control)



The only time that valve position lights could be helpful is
during start up of the systems. The majority of the time
there would be two lights 1it anyway, as these are modulating

valves. Flow indication exists for all these valves.

The procefure will be written to verify that flow exists.
The operators will be trained tu recognize the situation.
Additionally, the operators will be trained to realize that
the X open indication is a demand signal, not a position
feedback and the nameplate will be changed to indicate
DEMAND. Priority 2A.

J. Recorders
1. The design of the Foxboro edgewise recorders does not allow
for easy reading of the scale. There i{s also some delay

before the trend indications can be seen.

Resolution:

Train the operators to be aware of this problem. Critical

trends can be repeated on a CRT whe~ -~eeded. Priority 3A.

- The type and size of chart paper is not indicated on the

recorders.
Resolution:
Place stickers with this information on the interior of the

recorders so they can be seen when recorder is pulled out.
Priority 2B.



3. Normal and abnormal ranges are not indicated.
Resolution:

Operating plant management will determine what, 1if any,
markings are necessary. These will be shown on the
indicators. Priority 2B.

4, Recorder scales have not been reviewed yet because they were
not available. However, scme examples seem to deviate from
accepted methods.

Resolution:
After installation, all recorder scales will be reviewed for
correct correlation with respective indicators. Priority 2B.

5. Unused recorder pens should have no scales.

Resolution:
Scales will be removed. Priority 3B.
K. Lightin
1 There is a glare on indicators, recorders, and CRTs.

Resolution:

A study will be made of the glare problem and the methods
that can be used to reduce it. Some of this work can be done
now, some must wait until the Control Room is complete.
Priority 3C.



L.

1.

Controls

Trip/reset function is inconsistent.

Resolution:

a. We will investigate the use of push buttons.

b. Make switches consistent with respect to direction of

trip and reset.

es Investigate the use of switch hiundles that are different
from other board switches. Priority 1B.

Switch handles are inconsistent with respect to function and

type (pistol grip, etc.).

Examples: S, T, and P safeguards actuation and reset

switches on Panels A and B front

011 1ift pump switches
RMW-P~16A and 16B
SB-P-171A, B

SF-P~10A, B

Turbine trip push button

Resolution:

We will make them as consistent as possible, consistent with

logic and electrical function. Priority 2B.

Some switches plac~d on the rear of the horizontal panel

require excessive force to place in pull-to-lock position.



Resolution:

This is overcome by using proper lifting procedure. This
operation is not a normal procedure. The switches will wear
in as they are operated. No change needs to be made.
Priority 3E.

M. Bulbs

1, There is no lamp test function for board indicating lights

other than status and annunciator lights.

Resolution:

The watch turnover procedure addresses the condition of
lights on the Control Board. The person taiing over the
watch reviews the board to see the status of the plant. He
checks the pumps that are supposed to be running and the
valve position. If a light is not on, a new bulb will be
inserted. At that time, any burned out lights will be
found. Priority 3E.

- Bulb covers on status lights, lamp test buttons and valve
push buttons are difficult to remove. Valves could be moved

by accident when changing bulbs on Master Specialty switches.

Resolution:
The operators will be made aware of the problem a: a part of
their training program and will use appropriate ciution when

changing bulbs. Priority 2E.

3. Bulb replacement on annunciators and status lights requires

stepping on the Control Board.

-23-



Res~lution:

Purchase special stepladder for bulb replacement.

Priority 1A.

Master Specialty switches are used for lamp test buttons, channel
selector switches, and valve switches without any distinguishing

characteristics between switch types.

Resolution:

Devise a method for differentiation, such as a different colored

bezel. Priority 2B.

Tank level indicators should have "gallons” on scales, as
Technical Specifications and procedures call for action based upon

gallons.

Resolution:

Tank level should be ir units consistent with Technical
Specifications and procedures. If X i3 chosen, then engineering

units should alsc be marked on the indicator scale. Priority 2B,

All three-way valves have a problem in that they are always open
one way or another, yet use red-green lights to show indication of
open direction (green means OPEN here). This is confusing. An

example is the letdown heat exchanger valve CSV 170.

Resolution:

Changes will be made to obtain an obvious correspondence between
mimic, light, and switch position. An amber light will be used
for the abnormal lineup. Priority 1lA.



VI. SPECIFIC HUMAN ENGINEERING DISCREPANCIES

A, Panels A and B Front

1.

The arrangement of switches and mimic of the safeguards panel
on both A and B are confusing, with a lot of mirror imaging

used.

Resclution:

Develop a layout that addresses the<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>